Alguns dos efeitos da poluição ambiental na saú-

Introduction
Epidemiological studies have shown a consistent increase in the risk of cardiovascular morbidity and mortality associated with exposure to particulate matter (PM 10 ) 1 . Hypertension, in addition to being an important risk factor for death from heart disease, is also a contributing factor to cerebrovascular disease 2 . Half of heart attacks occur as a result of this disease and almost 100% of individuals that experience heart failure have a history of hypertension. Furthermore, 67% of patients suffering from cerebrovascular disease had diastolic and systolic blood pressure of ≥ 90mm Hg and 140mmHg, respectively 3 .
In 2009, the Brazilian Unified National Health System (SUS) reported more than 100,000 hospital admissions due to hypertension with an associated cost of over R$28 million. Over 20,000 of these admissions occurred in the State of São Paulo and related spending amounted to over R$ 8 million (1 US$ ≈ R$ 1.70). In the same period, over 44,000 deaths due to hypertension were reported in Brazil, of which approximately 8,000 were in the State of São Paulo (Departamento de Informática do SUS. http://tabnet.datasus.gov. br/cgi/tabcgi.exe?sih/cnv/nruf.def and http:// tabnet.datasus.gov.br/cgi/tabcgi.exe?sim/cnv/ obt10uf.def, accessed on 20/Jul/2012).
It is believed that the impact of PM 10 exposure on blood pressure is an important contributing factor to the onset of adverse effects on the cardiovascular system and several articles have reported an association between fluctuations in PM 10 levels and blood pressure. This association has been explained by a number of biological mechanisms, including acute arterial vasoconstriction after exposure to fine particles with added ozone 4, 5, 6, 7 .
The exposure of individuals to air with fine particles and ozone, as opposed to clean air, leads to a significant increase in blood pressure due to the carbon content of the particulate matter. Although further research is needed into the biological mechanisms that cause this change, there is an apparent association between vehicular traffic and risk of cardiovascular disease 5 .
A study conducted in Beijing, China, showed that a 10µg/m 3 increase in PM 10 concentrations resulted in an increase in emergency admissions due to hypertension (OR = 1.06; 95%CI: 1.02-1.10) 6 . In Santo André, São Paulo, Brazil, the systolic blood pressure of traffic controllers exposed to particulate matter increased by 2mmHg in the first hours after exposure 7 .
The objective of this study was to estimate the effect of exposure to particulate matter with an aerodynamic diameter of 10 microns or less Data was analyzed using Poisson regression: the dependent variable was the number of daily admissions due to hypertension and the independent variables were the pollutant concentration levels and the control variables were minimum temperature and relative humidity. A cubic spline was adopted to control for trend, and we used four degrees of freedom to smooth the trend.
Since the clinical manifestations of exposure to pollutants are believed to present a lag effect, whereby an individual may present health problems on the day of exposure or some days after, we adopted a structure with up to four days of lag (lag 0 to lag 4).
The correlation between the dependent and independent variables was defined based on the Pearson correlation coefficient.
For each lag structure, an isolated assessment of PM 10 concentrations was made through the creation of a "unipollutant model" which was then adjusted for SO 2 and O 3 using "multipollutant models". The results of the Poisson regression represent the risk of hospital admission due to hypertension. The percentage increase in risk was estimated using a 95% confidence interval (95%CI) based on a 10µg/m 3 increment in PM 10 concentrations using the following formula: RI = [exp (b 1 * 10) -1) * 100], where RI is the percentage increase in risk and b 1 is the PM 10 coefficient. Data was analyzed using the software Stata, version 9 (Stata Corp., College Station, USA).
Results
A total of 606 hospital admissions occurred during the period with a daily mean of 0.41 (SD = 0.74); mean values with standard deviations, and minimum and maximum values are shown in Table 1 . Pollutant data was missing on less than 5% of the days. Table 2 shows the correlation between the study variables and their p-values and the correlation between hospital admissions and air pollutants. Table 3 shows the results of the Poisson regression to assess the relative risk of hospital admission due to hypertension associated with PM 10 concentration and adjusted for the other pollutants, divided into lags of zero to four days. Exposure to PM 10 was associated with hospital admission for all lags using both the unipollutant and multipollutant models. The risk of hospital admission was between 1% and 2%.
The relative risk of hospitalizations due to hypertension increased between 9% and 13% with a 10µg/m 3 increment in PM 10 concentrations ( Figure 1) .
Discussion
To the best of our knowledge, this is the first study of the association between particulate matter exposure and hospital admissions due to hypertension carried out in a medium-sized city in Brazil. The results show that the effect of PM 10 exposure is not controlled by exposure to the other pollutants considered by this study.
The risk of hospital admission found by this study (1% to 2%) can be considered low. However, the results show a nine to 13% increase in risk with a 10µg/m 3 increase in PM 10 concentrations depending on the time lag in question. It is important to note that the average concentration of this pollutant was considerably less than the minimum threshold recommended by the Brazilian Environment Council (Resolução CONAMA n. 03/1990) 8 of 50µg/m 3 . This threshold was exceeded on 132 days (9%) of the study period.
Studies in São Paulo and São José dos Campos, have shown that exposure to a 10µg/m 3 increase in PM 10 concentrations was associated with an increase in hospital admissions due to cardiovascular diseases in the elderly of almost 2% and 6%, respectively 9,10 , and another recent study in Brazil showed an association between exposure to particulate matter and hospitalization due to stroke 11 . Similar associations were also observed by an investigation of biomass burning in Araraquara and a study of a sample of traffic controllers in Santo André 7,12 , and a number of other studies 6,7,13,14 .
It is important to note that, although the findings of this study may suggest a relationship between variables, this does not necessarily mean that there is a clear causal effect.
Our decision to adopt minimum temperature as a control variable was based on the findings of Halonen et al. 15 that suggest that cumulative exposure to lower ambient temperatures may lead to an increase in blood pressure due to a mechanism triggered by the cold.
Poisson regression was also used by Arbex et al. 12 . Conceição et al. 16 showed that the difference between results obtained using linear and additive models of Poisson regression is nominal and another study found that the results obtained using time-series and case-crossover analysis are also largely similar 17 .
The number of hospital admissions was adopted as an indicator of effect on health since it is known that only the most severe cases require hospital admission. However, hypertensive patients seeking emergency services are often treated and released without being officially admitted for hypertension and it is therefore reasonable to assume that the real number of affected people is larger. We considered outpatients and patients from emergency clinics belonging to the public health system. The following points should be noted: first, hypertension medication may alter the response to PM 10 exposure; second, the information on admissions due to hypertension only includes patients attended by the SUS. Those hospitalized under private health plans are excluded and, since coverage by the SUS is around 85% of the population, it is possible that the sample does not reflect the real number of hospitalizations due to hypertension; thirdly, the primary aim of DATASUS is to gather information for accounting purposes. However, this source is commonly used by studies on the human health effects of exposure to air pollutants 9,10, 18, 19 .
The mechanisms underlying particulate matter exposure and hypertension are still poorly understood. Vasoconstriction may be associated with an increase in the activity of the reflex sympathetic nervous system due to the stimulation of pulmonary vagal afferents 20 . An increase in plasma endothelin levels and systemic inflammatory cytokine production possibly related to the free radical activity of components of particulate matter could also lead to increased blood pressure 4 . Another explanation is that increased peripheral vascular resistance is likely to mediate these changes, whereas increased baroreceptor reflex sensitivity may compensate for changes in blood pressure induced by particles 21 . This study has the following possible limitations: clinical diagnosis errors; the time lapse between symptoms and admission to hospital; lack of information on factors commonly associated with hypertension, such as smoking, sedentary lifestyle and overweight; the assumption that the concentration of pollutants is homogeneous throughout the city does not take into account the differing concentration levels throughout the city.
It is also important to note that individuals with a history of hypertension may have other cardiovascular diseases and the use of medications for such diseases can modify individual response to particulate matter exposure 22 . In this respect, the indicator hospitalization due to hypertension may have low sensitivity for evaluating the effect of exposure to particulate matter 12 .
Despite the above considerations, this study confirms that the exposure to particulate matter at concentrations under the minimum threshold recommended by Brazilian law plays a role in hospital admission due to hypertension. 
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